Postharvest preservation is essential to maintain the peculiar features, beauty and longevity of flower stalks. The purpose of this study was to evaluate the postharvest durability, based on the visual quality and fresh weight of flower stalks of Heliconia psittacorum (with three-color variations) and of H. densiflora, in a cold chamber at three temperatures (14 ºC, 18 ºC and 22 ºC) and in the laboratory (control treatment at 26 ºC). A completely randomized design with four replications and five stems per plot was used. In flower stalks of H. densiflora under laboratory conditions, first signs of senescence were observed after six days of evaluation. For H. psittacorum, first signs of senescence were observed between 6 and 12 days of evaluation. For flower stalks of H. psittacorum (inflorescence color 5R 4/10), storage at 14 °C is recommended for up to nine days. At 14 ºC or 22 ºC, H. psittacorum (inflorescence color 2.5Y 7/10) at 18 ºC or 22 ºC for up to six days, and H. psittacorum (inflorescence of 7.7 YR 7/10) at 14 ºC or 22 ºC for up to six days. For H. densiflora, storage at 18 °C is recommended for up to six days. For both species and bract color variations, the reductions of fresh weight were greatest in the refrigerated environments. Keywords: fresh weight, flower senescence, tropical flowers, vase life.
Introduction
Heliconia spp. are promising tropical species for the market of ornamental plants, with desirable characteristics as cut flowers, in view of the beauty of the bracts that have a high diversity of colors and forms, an exotic appearance, postharvest durability, aside from a wide consumer acceptance (Loges et al., 2005) . The ornamental plant market daily needs a diversity of tropical flowers that meet the consumer demands, aiming at minimized losses and maintenance of the product quality (Costa et al., 2011) .
The resistance of the inflorescences to deterioration during shipping, ease of handling and packaging, stems firmness and durability are desirable postharvest characteristics for cut flowers destined for national and international consumer markets (Castro et al., 2006) . The main cause of loss of inflorescence quality and reduction in floral longevity is an inadequate choice of temperature during shipping and storage, leading to a high discard percentage of cut flowers (Reid, 2001) .
The determination of an adequate temperature range to ensure the maintenance of inflorescences in good state of conservation is fundamental for the quality stability of the product until it reaches the consumer (Reid, 1991) . In this regard, low temperatures minimize water loss, delay senescence and avoid plant tissue deterioration, thus extending postharvest longevity (Silva, 2003) .
The objective of this study was to determine the postharvest durability and variation in fresh weight of flower stalks of Heliconia psittacorum and H. densiflora, based on visual and physical parameters, at different temperatures and after different storage periods.
Material and methods
The flower stalks were cultivated on a field of the genebank (14º39 'S, 57º25' W; 321 m asl), planted in March 2014. The regional climate is tropical, with well-defined dry and rainy seasons and a mean annual rainfall between 1300 and 2000 mm year -1 , and a mean annual temperature between 16 and 36 °C (Martins et al., 2010) . The soil was classified as Latossolo Vermelho distroférrico, clayey, with a flat to slightly undulating relief (EMBRAPA, 2018) .
Flower stems of Heliconia psittacorum with three types of color variations were evaluated according to the Munsell Plant Tissue Color Book (2012), yellow (2.5Y 7/10), orange (7.5YR 7/10) and red (5R 4/10) and H. densiflora with orange-red bracts (5R 5/10). The stalks were maintained in water-filled containers to avoid excessive dehydration. The collected flower stalks had two to four open bracts and were cut at 20 cm above the soil, between 06:30 and 07:30 AM (Loges et al., 2005) .
The storage of flower stalks was tested in three treatments in a cold chamber, for a period of up to 21 days, at temperatures of 14, 18 and 22 ºC and a relative humidity of 80% (Costa et al., 2011) . The control treatment under laboratory conditions was run at a mean temperature of 26 ºC and relative humidity of 50% to 55%. Each treatment consisted of four replications of five stems.
The flower stalks cooled to the different temperatures in a cold chamber were packed in a cardboard box (adapted to the stem size) lined with bubble wrap (COSTA et al., 2011) .
Postharvest evaluations of H. psittacorum and H. densiflora inflorescences subjected to cold chamber and control (laboratory conditions) treatments were performed every three days. The following four-grade scale was used, as proposed by Costa et al. (2011) , with modifications.
Score 4: inflorescence with natural gloss and absence of dark spots on the bract apex ( Figure 1A ); Score 3: inflorescences with natural gloss and onset of senescence (dark spots) on the bract apex ( Figure 1B) ; Score 2: inflorescences without natural gloss, dark spots larger than 5.0 cm below the bract apex or slightly stained bracts ( Figure 1C ); Score 1: inflorescence without natural gloss and bracts with intense dark spots ( Figure 1D ). All flower stalks of each treatment including the control were discarded when more than 50% were evaluated with score 1. Aside from the score scale, the stem fresh weight was assessed on a digital scale (model MS 30 K1). For the fresh weight percentage (FW), five stems per plot with four replications were used. The initial percentage of the flower stalk weight was considered 100%, based on which the subsequent values until disposal were determined (COSTA et al., 2011) .
The experiment used a completely randomized factorial design to test three temperatures (14 ºC, 18 ºC and 22 ºC) and seven storage periods (3, 6, 9, 12, 15, 18 and 21 days) , in four replications, with five flower stems per plot. The data were subjected to analysis of variance and the means compared by the Tukey test (P <0.05), using the statistical program SISVAR (FERREIRA, 2011) .
Results

Postharvest visual quality
Among the H. psittacorum species maintained under laboratory conditions, the first signs of senescence were observed in H. psittacorum (inflorescences with 2.5Y 7/10 and 7.5YR 7/10), after nine days of evaluation, characterized by the presence of dark spots and drying of the bract apex (Table 1) . In H. psittacorum (inflorescence with 5R 4/10), the first signs of senescence appeared after 12 days of storage (Table 1) . Under laboratory conditions, the vase life of H. densiflora was shorter than that of H. psittacorum (Table  1 ). The first signs of senescence were observed after six days of evaluation, consisting of the presence of dark spots on the bract apex, advancing towards the basal region of the inflorescence, accompanied by withering process and loss of the visual quality of the inflorescence during the 12 evaluation days (Table 1 ).
In the cold chamber, the first signs of senescence on H. psittacorum (inflorescence 2.5Y 7/10) appeared on the third day of storage, characterized by intense dark spots in the apical region of the upper and lower bracts, spreading along the bracts, affecting the visual appearance of the inflorescences (Table 1 ). The best storage temperature for H. psittacorum (inflorescence 2.5Y 7/10) in the cold chamber was 22 °C, statistically not different from the control (26 °C) ( Table 2) . The initial signs of senescence on H. psittacorum inflorescences (7.5 YR 7/10) stored in a cold chamber were dryness and shriveling of the bract apex, followed by dark spots and loss of natural gloss after nine days (Table 1) .
Heliconia psittacorum (5R 4/10) and H. densiflora (5R 5/10) proved most resistant in the cold chamber, completing the whole senescence process within 21 days (Table 1 ). The first signs of senescence were small dark spots on the bract apex after six storage days. The 5R 4/10 inflorescences were not only longer-lived, but could also be stored in a cold chamber (14° C) as well as at ambient temperature (26 °C) ( Table 2 ).
In the cold chamber, the flower longevity of Heliconia densiflora exceeded nine days and lasted longer than under laboratory conditions ( Table 1 ). The first signs of senescence appeared on the apex of the lateral bracts after six storage days at 18 ºC, consisting of superficial dark patches (Table 2) .
Under laboratory conditions (control), the first signs of senescence were observed after six days, affecting the visual quality of the stem (score 3) and evolving until disposal after 12 days (Table 1 ). The best storage temperature for H. densiflora flower stalks was 14 °C (Table 2) .
Fresh weight
The fresh weight of the flower stems of H. psittacorum and H. densiflora maintained in a laboratory environment (control) and those stored at 14 °C, 18 °C and 22 °C in a cold chamber decreased progressively throughout the evaluation period (Table 3 and Figure 2 ).
For all species and color variations of evaluated bracts, the fresh weight reductions were higher in refrigerated environments, except for H. densiflora (Table 3) . Means followed by the same lowercase letter in a column and upper case letters in a row do not differ at 5% probability by the Tukey test.
The H. psittacorum species with a 2.5Y 7/10 bract color showed a signifi cant loss of fresh weight after 12 days of evaluation, followed by H. psittacorum of 5R 4/10 bracts at 15 days of evaluation (both in refrigerated environment) (Table 3 ). This observation also applies to the other two colors (5R 4/10 and 5R 5/10) ( Table  3 ). The fresh weight percentage of Heliconia densifl ora decreased gradually after six days of cold chamber storage (Table 3) .
The temperature of 14 °C resulted in higher tissue turgidity of the H. psittacorum infl orescences of 5R 4/10 colored bracts (Table 4 ). All evaluated species maintained a turgidity of more than 70% at a temperature of 22° C (Table 4 ). 
Discussion
The factors that determine the longevity of cut fl owers vary according to the species or cultivar. Ehylene sensitivity, water relations, respiration and cold injury can infl uence both the postharvest longevity of cut fl owers as well as their resistance to shipping and storage (Finger and Barbosa, 2006) .
There are considerable genetic differences between Heliconia species regarding vase life (Criley and Broschat, 1992) , which is a criterion for the choice of promising lines for selection with a view to breeding studies. Storing Heliconia bihai cv. Lobster Claw infl orescences at a temperature of 12 °C extended the vase life to over seven days and at 19 °C to a period of up to eight days (Costa et al., 2011) . Large Heliconia such as Sexy pink (H. chartaceae) reached seven days of vase life (Criley, 1990) , while for H. caribea and H. wagneriana, a vase life of 15 or more days was reported (Criley, 1990) .
For short Heliconia, as described in this study, the vase life varies among cultivars, the development stage and the time of day of fl ower cutting (Jaroenkit and Paull, 2003) .
Similar results to those of this study were reported for H. psittacorum, with a vase life from 14 to 17 days (Criley and Broschat, 1992) and of up to 24 days for Golden Torch (Broschah et al., 1984) .
According to Broschat and Donselman (1983) , the ideal temperature for Heliconia storage is higher than 10 ºC. For the species evaluated in this study, of the three tested temperatures, the least recommended for the maintenance of visual quality and fresh weight percentage was 18 ºC. A study of storage temperature and visual quality maintenance of Strelitzia regiane stems stored in cold chambers and at ambient temperature reported that the highest incidence of stains occurred on stems maintained at ambient temperature as of the fourth day after cutting and on flower stalks placed in a cold chamber (7.5 °C) on the eighth day (Vieira et al., 2014) .
The signs of senescence in the Heliconia species of this study were similar to the cold symptoms on the species H. caribaea, characterized by the presence of dark spots near the junction of the bracts, six days after cutting. For H. rostrata refrigerated at 6.5 °C, the initial symptoms were more evident on the fifth day, with darkening of the bracts and rachis (Costa et al., 2015) .
A few days after cutting the flowers in the field, weight loss is an inevitable process. This is mainly due to natural transpiration, considered one of the main deterioration causes of the product, resulting mainly in an alteration of the visual aspect, owing to wilting. Several postharvest handling techniques used today have contributed to minimize water losses from the stored product, increasing the vase-life duration (Kluge, 2002) .
In this study, the fresh weight of all evaluated species and bract color variations was most reduced in the refrigerated environment. Excessive weight loss may limit flower longevity. Stems with a weight loss of more than 10% were considered withered and unfit for sale (HARDENBURG et al., 1986 ).
Conclusions
Temperatures of 22 °C and 26 °C and a relative humidity 80% and 55%, respectively, are indicated for storage of H. psittacorum (inflorescence 2.5Y 7/10) flower stems for up to three days.
Temperatures of 14 °C and 22 °C and a relative humidity of 80% are recommended for the storage of H. psittacorum flower stalks (7.5YR 7/10) for a period of up to six days. Signs of senescence are observed after nine days of storage.
Temperatures of 14 °C and 26 °C and a relative humidity of 80% are indicated for storage of H. psittacorum flower stalks (5R 4/10) for up to three days. Signs of senescence appear as of the sixth day.
A temperature of 14 °C and relative humidity of 80% are recommended for storing H. densiflora flower stalks for up to three days, where signs of senescence appear as of the sixth storage day.
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